The inhibition efficiency of 2-hydroxy-4'-methoxy chalcone on the corrosion of mild steel in 1 M H 2 SO 4 was investigated by weight loss measurements and electrochemical studies at 303-323 K. Inhibition was found to increase with increasing concentration of the inhibitor but decreases with increasing temperature. Polarization curves showed that the inhibitor is mixed type but the cathode is more polarized than the anode. Electrochemical impedance showed that the presence of the inhibitor caused an increase in charge transfer resistance and decrease in double layer capacitance. The morphology of inhibited mild steel was analyzed by scanning electron microscopy with EDX. The synthesized chalcone was characterized by FTIR spectroscopy. Adsorption of the inhibitor on the metal surface was found to obey Langmuir adsorption isotherm.
Introduction
Mild steel is widely used in most industries due to its low cost and availability in ease for the fabrication of various reaction vessels such as cooling tower tanks, pipelines, etc 1 . In most of the industries, acid solutions are generally used for the removal of rust and scale in several industrial processes. Sulphuric acid is often used as a pickling acid for steel and its alloys 2 .
Hence the metals face a serous of corrosion problem. Although there are numerous options for controlling the corrosion of metals, the use of inhibitors is one of the best methods for protecting metals against corrosion. An inhibitor can be chosen from compounds that have hetero atoms in their aromatic ring system or made from cheap raw materials 3 . The inhibition process has been shown to occur via inhibitor adsorption isotherm and the efficiency of the inhibitors strongly depends on the structure and chemical characteristics of the adsorbed inhibitor layer formed under particular experimental conditions.
Experimental
Mild steel of the composition (wt%) as: C-(0.06), Mn-(0.18), P-(0.02) and the remains iron was used for the study 4 . The mild steel coupons were prepared, degreased and cleaned as previously reported [5] [6] [7] . All reagents used (H 2 SO 4 and Ethanol) for the study were analar grade and deionized water was used for their preparation.
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Inhibitor
Chalcones were prepared by condensation of acetophenone with aromatic aldehydes in presence ofsuitable condensing agent 8, 9 . They undergo a variety of chemical reactions that leads to many heterocyclic compounds [10] [11] [12] [13] . 2-Hydroxy-4'methoxy chalcone was prepared and used as inhibitor to the present study shown in Figure 1 .
Figure 1. 2-Hydroxy-4'methoxy chalcone
The apparatus and procedure followed for weight loss method was similar to that earlier reports [14] [15] [16] [17] . In the weight loss method, the progress of the corrosion reaction was monitored by determining the weight loss of the coupons (obtained as the differences in the weight of the coupons after immersion in solutions of the system and the original weight of the coupons) at fixed time intervals. In this technique, the experiment was conducted in the temperature range 30 o to 50 o C at intervals of 10 o C maintained in a thermostated bath.
Potentiodynamic polarisation technique
This method involves measurement of corrosion rate of the system. By the measurement of the potential of the electrode for various applied current densities, a plot of E vs. Log I gives a figure known as polarization diagram. The resulting current is plotted against the potential and slope of the line is measured. This instrument itself is having provisions for programs to evaluate corrosion kinetic parameters such as I corr , E corr, b a and b c .
Impedance measurements
An electrochemical impedance measurement is an appropriate method for corrosion studies, particularly for corrosion rate determinations, mechanistic studies, passivation and passivity process and for investigation in inhibited systems. R ct or R t gives charge transfer resistance and C dl represents the double layer capacitance. Using Stern-Geary equation, I corr is obtained from R t since, 
Spectroscopy methods
FT-IR 18-21 and UV-Visible 22,23 spectroscopic techniques are useful for conforming the structure of inhibitor molecules. FT-IR studies help to predict the presence of chemical bonds in the inhibitor. UV-Visible absorption spectrum shows absorption bands corresponds to structural groups within the molecule.
SEM analysis
The specimens used for surface morphological examination were immersed in acid solutions with and without inhibitor for 2 h. Then they were removed and dried and analysed. This analysis was performed on ZEISS -Supra40VP Scanning Electron Microscope.
Results and Discussion
Corrosion rates and inhibition efficiency
The results are presented in Table 1 . Chalcone was added as inhibitor to assess the effect of corrosion of mild steel in sulphuric acid. Inhibition efficiency has been calculated as follows:
where, Wu is the weight loss of metal in uninhibited acid and Wi is the weight loss of metal in inhibited acid. Energy of activation (Ea) has been calculated from the ( Figure 2 ) slope of log ρ versus 1/T (ρ = corrosion rate, T = absolute temperature) and also with the help of the Arrhenius equation 24 .
Slope=Ea/2.303R (3) The results of the tables reveal that the rate of corrosion of mild steel in 1 M H 2 SO 4 decreases with increase in inhibitor concentrations at all the temperatures studied. The increase in inhibition efficiency with increase in concentration of the compound studied can be explained on the basis of increased adsorption of the compound on the metal surface. As far as the inhibition process is concerned, it is generally assumed that the adsorption of the inhibitors at the metal/aggressive solution interface is the first step in the inhibition mechanism 25 . Table 1 shows that as the temperature increases corrosion rate increases while percentage of I.E. decreases.The Efficiencies are found to be higher than that of uninhibited system. The higher values of Ea indicate physical adsorption of the inhibitors on metal surface 26 . The film formation of the inhibitor on the mild steel surface increases the values of activation energy. The values of Ea calculated from the slope of Arrhenius plot and using Eq. 3 are almost similar 27 . The values of entropy of activation (∆S * ) is found to be -66.06 in the inhibited system and -50.74 J K -1 mol -1 in 1 M sulphuric acid. The negative values of entropy imply that the activated complex in the rate determining step represents association rather than dissociation 28 . Various adsorption isotherms were verified to fit surface coverage (Ѳ) values but the best fit was found to obey Langmuir adsorption isotherm (Figure 3 
Effect of temperature
From Table 2 , it is evident that in all cases, the free energy of adsorption (∆G ᶱ ads ) values are negative and suggests that they are strongly adsorbed on the metal surface. This statement is supported by the work of Talati and Darji 29 . 
Potentiodynamic polarization and impedance studies
Potentiodynamic polarization results obtained for the inhibitory effect of 2-hydroxy-4'-methoxy chalconeon mild steel corrosion in 1 M H 2 SO 4 is portrayed in Figure 4 and in Table 3 . The different polarization parameters such as corrosion current (I corr ), corrosion potential (E corr ), anodic and cathodicTafel slopes (βa and βc) were obtained from potentiodynamic polarization studies on mild steel in sulphuric acidic medium. inhibitors inhibit the corrosion of mild steel in acidic solutions by controlling cathodic reactions due to the blocking of active sites on the metal surface. It is evident that inhibitors bring about considerable polarization of the cathode. It shows that the inhibitive action of 2-hydroxy-4'-methoxy chalcone is of mixed type inhibitor.
The I corr values have decreased for the inhibitor at optimum concentration. The inhibition efficiencies determined from the values of corrosion current density and the inhibition efficiency were found to show good agreement with those obtained from weight loss measurements. 2-Hydroxy-4'-methoxy chalcone shows the maximum inhibition efficiency of 95.85% in 1 M H 2 SO 4 . This result suggests that the addition of inhibitors retards the hydrogen evolution reaction 30, 31 . Hence the 2-hydroxy-4'-methoxy chalcone acts as a good inhibitor system due to the higher electrostatic attraction over the metal surface. This occur due to the presence of high electron density of the methoxy and hydroxy groups in the inhibitor molecule 32 .
The lower double layer capacitance (Cdl) value for 1 M H 2 SO 4 medium shown in Figure 5 and Table 4 indicates that the homogeneity of the surface of the mild steel roughened due to corrosion.The double layer capacitance Cdl values have decreased on the effective addition of inhibitor at the concentration (0.02 mM). The studied system indicates the reduction of charge accumulated in the double layer due to formation of adsorbed inhibitor layer over the metal surface 33, 34 . FT-IR and UV spectral studies Figure 6 shows the IR spectrum of the 2-hydroxy-4'-methoxy chalcone. In this spectrum the peak appeared at 3435 cm -1 corresponds to (OH stretching), 3008 cm -1 (C-H stretching, aromatic), 2841 cm -1 (C-H, aliphatic), 1676 cm -1 (C=O, stretching), ~1600, 1512, 1456 cm (disubstituted ortho, para). Figure 7 shows the UV spectrum of the inhibitor. The conjugated pi system in the inhibitor gives rise to a strong UV absorbance at 241 nm to π-π * transition and n-π * tration at 318, 383 nm due to C=O and lone pair of oxygen in the molecule 35, 36 . Figure 6 . UV absorption spectra of the inhibitor 
SEM studies
The polished mild steel specimens were immersed in the acid solution (1 MH 2 SO 4 ) containing inhibitor 2-hydroxy-4'-methoxy chalcone for 2 h then the specimens were taken out, dried and observed under Scanning electron microscope (SEM). The SEM image of fresh metal is shown in Figure 8a . The morphology of experimental coupon shown in Figure 8b is very rough and the surface has been damaged due to metal dissolution in 1MH 2 SO 4 . The SEM image of the metal dipped in the acid containing 0.024mM of inhibitor is shown in Figure 8c . Presence of the inhibitor the corrosion rate was decreased and the surface damage was diminished considerably. The surface smoothness was improved by better coverage of inhibitor, so that there is a decrease in the contact between metal and the aggressive medium 37 . Table 5 ( Figure 9a-c) shows the various composition of elements present in the fresh and exposed coupons. The table shows that the concentration of Fe, C and Mn are found higher in the fresh metal than the inhibited and uninhibited acid medium. The concentration of O 2 atoms are found lower than that of the blank metal sample. It reveals that the inhibitor act as a good barriers against the penetration of the aggressive ions in the solution to the metal sample. Polarization measurements prove that the compound inhibit both anodic and cathodic reactions. Hence it acts as a mixed type inhibitor. Impendence measurements show that the presence of electron donating group on the inhibitor increases the charge transfer resistance and decreases the double layer capacitance. The substituent group atoms of the inhibitor molecule are found to play an important role in the inhibition process. Results obtained from weight loss measurements and electrochemical measurements are in good agreement. FT-IR analysis confirms that the inhibiton efficiency of the inhibitor in mild steel through electrostatic attraction of inhibitor molecule and the metal surface. The morphological investigation also confirms the effective protection of mild steel, through the less damaged and minimum pits found in the inhibited surface.
